
TC
cz
/iz

C.Z



CRIVERSlTY OF CALIFORHIA
DAVIS







state of California

THE RESOURCES AGENCY

partment of Wa tcr Resources

BULLETIN No. 143-3

UNlVuRSiTY OF CALIFORNIA
DAVIS

JI.IN2 2 1965

S

Lit3r<.Ht\/

FRESNO-CLOV
METROPOLITAN AREA

WATER OUALITY INVESTIGATION

APRIL 1965

HUGO FISHER

Adminisfraior

The Resources Agency

EDMUND G. BROWN
Governor

State of California

WILLIAM E. WARNE
Direcfor

Department of Water Resources

LIBKAK!!
DKIVERSITY OF CAl.n'nk'i

DAVT?





state of California

THE RESOURCES AGENCY

Department of V^ater Resources

BULLETIN No. 143-3

FRESNO-CLOVIS

METROPOLITAN AREA
WATER QUALITY INVESTIGATION





TABLE OF CONTENTS

Page

TABLE OF CONTENTS iii

LETTER OF TRANSMITTAL vi

ACKNOVfljEDGMENTS vii

ORGANIZATION, DEPARTMENT OF WATER RESOURCES viii

ORGANIZATION, CALIFORNIA WATER COMMISSION ix

CHAPTER I. INTRODUCTION 1

Authorization 2

Area of Investigation 2

Geographical Location, Boundaries and Size 3

Topography ; 3

Climate 3

Economy k.

Objective and Scope of Investigation k

Related Investigations and Reports 6

CHAPTER II. WATER SUPPLY AND QUALITY J

Surface V/ater 10

Surface V/ater Quality 10

Ground Water 11

Ground Water Geology 11

Ground V;ater Occurrence I3

Ground Water Quality I6

CHAPTER III. WASTE DISPOSAL 21

111



Page

CHAPTER IV. CONCLUSIONS AND RECOMMENDATIONS .... 25

Conclusions 25

Recommendations 26

TABLES

Table No.

1 Municipal and Domestic Ground V/ater Suppliers,
Fresno-Clovis Metropolitan Area 8

2 Ground Water Aquifer Characteristics, Fresno-
Clovis Metropolitan Area 15

3 Summary of Ground Water Quality Analyses,

Fresno-Clovis Metropolitan Area 17

k Major Waste Disposal Facilities, Fresno-
Clovis Metropolitan Area 22

APPENDIXES

Appendix No.

A Bibliography A-1

B Water Quality Criteria B-1

C Location Designation System C-1

D Basic Data D-1

iv



Plate No.

PLATES

(Plates bound at end of report)

1 Area of Investication

2 Major Streams and Canal Networks

3 Geologic Sections

h Axeal Geology

5 Lines of Equal Elevation of Ground V7ater

6 Location of Water Wells Used in the Investigation

7 Major Waste Disposal Units

8 Total Hardness as CaCOo

9 Concentration of Dissolved Solids

10 Concentration of Nitrates as NO
3

11 Nitrate Versus Depth Relationship of the /rea Southwest
of the Fresno Air Terminal



STATE OF CALIFORNIA-RESOURCES AGENCY WILLIAM E. WARh

DEPARTMENT OF WATER RESOURCES
p. O. BOX 388

SACRAMENTO

Februajy 3, I965

Honorable Edmund G. Brown, Governor,
and Menibers of the Legislature
of the State of California

State Capitol
Sacramento, California

Gentlemen

:

This report culminates an investigation of the general quality of
surface and ground water supplies of the Fresno-Clovis Metropolitan Area. Of
particvilar concern was the present quality of water in those parts of the study
area where degradation of water quality had been revealed by former investiga-
tions .

Although there were indications of lower quality ground water in the
vicinity of the Fresno Sewage Treatment Plant, the present investigation re-
vealed that the general quality of ground and surface water in the Fresno-Clovi
Metropolitan Area is excellent at the present time. One matter of some concern
however, was the possibility of a change occurring in the ground water gradient
Although the gradient is now generally from northeast to southwest, a steady
annual lowering of the ground water table under the heart of Fresno's downtown
area together with ground water recharge owing to land disposal of large quan-
tities of effluent from the Fresno Sewage Treatment Plant have created an almos-
level water table near the plant. If these trends continue, a reversal of groui
water flow may occur, and ground water could flow from the vicinity of the sewai

treatment plant toward the center of Fresno.

The bulletin recommends that sound water conservation practices be
observed to ensure that the ground water gradient remains in the southwesterly
direction, that sanitary and disposal facilities be expanded so that all indi-
vidual septic tanks and leach wells could be eliminated, that standards for the
construction or abandonment of water wells be established and enforced by Count;
ordinance, that all existing and future water we]J.s in the Fresno-Clovis
^fetropolitan Area be registered with a duly authorized agency, and that existing
monitoring programs should be expanded to frequently determine the ground water
level and the water quality, with even more frequent monitoring in areas of
apparent or potential degradation.

Sincerely yours.

Director
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CHAPTER I. INTRODUCTION

California's tremendous growth in population^ as well as pro-

duction of industrial and agricultural products, has resulted in a cor-

responding increase in the demand for water. In the agriculturally

developed San Joaquin Valley, -vrtiere the quantity of available surface

water is not adequate to satisfy demands, ground water supplies have had

to be extensively developed and are now the principal source of supply

for the Fresno-Clovis Metropolitan Area.

Population expansions burden municipalities and communities

with the problem of expanding water and sewerage systems. The new con-

struction and expansion of these facilities are based upon economics and

fairly well standardized engineering practices, but the ultimate disposal

of wastes may not be as easily solved and frequently becomes involved

with esthetic values and public health considerations.

Disposal of treated wastes may not be a problem for a city,

community or industry located in the vicinity of a large perennial river;

however, in the San Joaquin Valley the few perennial rivers contain such

low flows during the summer months that they are inadequate for the

assimilation of wastes. Consequently, waste water effluents are applied

to the land surfaces for disposal by evaporation, percolation, and

utilization by crops.

The population expansion in the Fresno-Clovis Metropolitan Area

has caused a greater concentration of wastes at the area's disposal sites,

thereby increasing the possibility of ground water degradation.

-1-



Degradation of surface water quality is readily detectable by

conventional monitoring techniques, but serious and often irreparable

damage may result in a ground vater aquifer before being detected.

Furthermore, the movement of ground vater usually proceeds at such a slow

rate that the cause may have existed many years before the damage is

evident or detected.

Authorization

The current population growth in conjunction with previous

problems in and around Fresno prompted a need for a general water quality

investigation to determine present water quality conditions. This

investigation was conducted pursuant to Section 229 of the California

Water Code which states:

"The department (of Water Resources) either

independently or in cooperation with any person or

any county, state, federal or other agency, to the

extent that funds are allocated therefor, shall

investigate conditions of the quality of all waters

within the State, including saline waters, coastal

and inland, as related to all sovrces of pollution

of whatever nature and shall report thereon to the

Legislature and to the appropriate regional water

pollution control board annually, and may recommend

any steps which might be taken to improve or protect

the quality of such waters."

Area of Investigation

The area of investigation encompasses, with minor deviation,

the Fresno-Clovis Metropolitan Area, as designated by the U. S. Bvireau

of Census. It is one of eight "standard metropolitan areas" in the

State of California.



Geographical Location, Bovmdaries and Size

The City of Fresno, located in Fresno Coimty, is in the middle

of the San Joaquin Valley and near the geographical center of the State.

The metropolitan area, which consists of approximately 232 square miles,

extends from American Avenue on the south for 13.5 miles to Herndon Avenue

on the north and from Rolinda Avenue on the west for 17.^ miles to DeWolf

Avenue on the east. The area includes the communities of Malaga, Calwa,

and Pinedale, and the cities of Fresno and Clovis, with an aggregate

population of approximately 280,000, The area under consideration is

shown on Plate 1,

Topography

The topography of the area is characteristic of the San Joaquin

Valley floor with miles of nearly level terrain situated between the Coast

Range, approximately 50 miles to the west, and the Sierra Nevada foothills,

approximately 15 miles to the east. This same terrain prevails from the

northern portion of the Sacramento Valley, near Redding, to the southern

portion of the San Joaquin Valley, just south of Bakersfield, a distance

of 425 miles.

The general slope of the land surface in the vicinity of Fresno

is represented by a slight westerly decline of four and one-half feet per

mile.

Climate

The climate of the Fresno-Clovis Metropolitan Area and the sur-

rounding valley is dry and semi-desert in character. During the hottest

months, daily maximvmi temperatures range from 75° 'to 115°F. with accompany-

ing low hiimidity and noticeable wind. The long growing season, occurring

generally between April and November, together with mild printers resxat

-3-



in a highly productive agricultural enYironrnent. Precipitation,

which seldom occurs during the summer months, averages approximately 11

inches annually.

Economy

The economy of the San Joaquin Valley is based mainly on agri-

culture with Fresno-Clovls Metropolitan Area fonning the huh of the valley

and thereby conducting a sizable portion of the regional trade. Fresno

County has led the nation since 1950 in the value of its agricultural

products. It ranks number one in the nation in the production of grapes,

raisins, wines, freestone peaches, figs, cantaloupes, barley, and

certified alfalfa seed, and ranks second in cotton. Nut, fruit, livestock,

and poultry production rank high in the total value of the county's output.

Major agricultural products and associated industries of the

metropolitan area include fruit, nut, and vegetable processing and pack-

ing; wines, brandies, and spirits; cotton ginning and compressing; poultry

and meat dressing and packing; and dairy products. Numerous nonagricultural

products are also produced in this area but many of these support agri-

culture either directly or indirectly.

Objective and Scope of Investigation

The objective of this investigation is to ascertain the general

quality of surface and ground water supplies and specifically determine

existing quality in areas where degradation was revealed by past investi-

gations. To achieve this objective it was necessary to review available

information and collect additional data on geology, hydrology, waste

disposal, and water quality.

-k-



Sufficient information was available from previous reports,

vater well drillers' logs, exploratory borings, and other agencies to

enable the department to describe the geology underlying the area, a

brief summary of which is included later in this report.

The hydrologic studies conducted in connection with this

investigation were concerned with the occurrence, distribution, and

movement of surface, ground, and waste waters. Information on ground

water levels was obtained from the City of Fresno, Fresno County Waterworks

Districts in the area, and the Fresno Irrigation District, This informa-

tion was supplemented by additional measurements made during the course

of this investigation. Surface water measurements were obtained from

the Fresno Irrigation District.

The survey of waste discharges was conducted by visiting

municipal sewage treatment plants and industrial plants which utilize

vjarlous methods of disposal. The quantity of waste water and the

method of treatment and disposal were noted, and samples of discharges

were collected for analyses of chemical properties.

Wells, specifically those in the vicinity of waste discharges

or in unsewerec residential areas, were checked for the presence of

nitrates and alkyl benzene sulfonate (ABS). In ground water, the occur-

rence of ABS and high nitrates, particularly in combination, is considered

to be indicative of possible sewage pollution. Wells in which initial

water analyses indicated possible degradation were resampled, and the

suspected source of degradation investigated.

Recommendations for correcting imdesirable and potentially

undesirable water quality conditions in the Fresno-Clovls Metropolitan

Area are included in the conclusion of this report,
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Related Investigations and Reports

Reports and publications utilized during this investigation

are listed in Appendix A. Direct reference to a particular publication

or report is indicated by a number in parentheses^ for example (i).

Two reports prepared in past years by the Department of Public

Works, Division of Water Resources, at the request of the Central Valley

Regional Water Pollution Control Board vere of particular value in this

investigation: "Investigation of Cooling Water Return, City of Fresno,"

December 1952 (?); and "Effect of Waste Discharges from the Pacific

Fruit Express Ice Plant and the Southern Pacific Zeolite Water Softening

Plant, Fresno County," December 1953 (5).



C]iA.r'JT:R II. V.'ATKE SUITLY .WJ) QUWJ'IY

nie rumicipal, do'iestic, and industrial vatcr siropj;\' for the

Fresno- C.'.ovJ.G Hctropoi.itpn Area is obtained entirely rrom /ground water.

KuTTierouG agencies supply the rocion with irater, and, in addition, private

veils are maintained on manj- farnis and roGidencer,,

llie City of Fresno, vhieh pumped an annual avorace of 50 million

;;rallons per day (mf;n) during .1S>|^3; is the largest vater supplier in the

metropolitan area. Areas not contained vithin the city boimdaries of

Fresno or Clovis receive their vater from either public agencies or private

companies, or from individual domestic and irrigation veils. There are

32 actively operating county vaten-;orlcs districts that are tlic primary

suppliers of vater in the unincorporated area. A list of municipal and

domestic rro\md vater supnlicrs in the area is included in Table 1,

On the basis of available information, it is estimated that an

annual average quantity of l^O to I50 ragd is pumped from ground water under-

lying the metropolitan area, and during the hottest days of summer this

figiure is at least doubled.

Irrigation requirements are mainly fu-lfillcd by surface vater;

hov;evor, ground vater is used as a supplement in the o\itlying reaches.

Fresno Irrigation District encompasses the metropolitan area and inter-

laces the area vith a system of canals and ditches to convey Kings River

vater for irrigation and ground vater recharge. This district is one of

28 organizations utilizing the Kings River flov. The quantity obtained

depends on the vater available and thus varies considerably from year to

year. In 19^3^ approximately ':90,C00 acre-feet were received; previous

annual allotments have ranged from 100,000 to 600,000 acre-feet.
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The Citj'- of Fresno has a contract vith the United States Bureau

of Reclamation to receive up to 60,000 acre-feet of Class 1 water per

year fron the San Joaquin River at Millert.on Lake. Delivery of this water

has not yet becTun tut plans are being fcnnulated whereby the water v.'ill

be used by the City as a supplemental supply and/or used to recharge the

ground water aquifer. Under a proposed contract with the Bureaxi, Fresno

Irrigation District shall accept any portion of the water not used by the

City of Fresno and may receive up to an additional 75,000 acre-feet of

Class 2 i-Tatcr per year. The terns "Class 1 water" and "Class 2 water"

are described in the proposed contract as follows:

1. "Class J. water" shall mean that supply of water
at Millerton Lake which, subject to certain con-
tingencies, will be available for delivery through
the I'riant-Pfern and Madera Canals and the San
Joaquin River as a dependable water supply during
each irrigation season.

2. "Class 2 water" shall mean that supply of water
which becomes available in addition to the supply
of Class 1 water and which because of uncertainty
as to its availability and time of occurrence
will be undependable in character and will be
furnished only if, as, and when said water is
available as determined ''oy the United States.

Fresno Irrigation District and Fresno Metropolitan Flood Control

District are embarking on a program of acquisition and development of

ponding sites for pturposes of ground water recharge, retention of overflow

spill water, and flood control. Approximately I50 acres of ponding area

have been acquired and developed by the irrigation district. Fresno

Metropolitan Flood Control District has an ultimate plan to acquire approxi-

mately 1,000 acres, in 10-acre plots, to be used for the retention of storm

waters and ground water recharge. Arrangements are being Eadc whereby some

of these ponding areas can be utilized by both agencies at various times

of the year.



Water quality criteria adopted by the Department of V/ater Resoiirce:

vere employed to evaluate water supplies for domestic, industrial, and

irrigation uses. These criteria are presented in Appendix B,

Surface Water

The major streams and canals in and around the metropolitan

ai'ea are delineated on Plate 2. A tabulation of svirface vater analyses

is sho-ivTi in Table D-1, Appendix D.

Stirface Vfetcr Quality

Evaluation of surface water samples collected during the course

of the investigation indicated Class 1 irrigation water, with the exception

of Fancher Creek, which is located in Toimship 13 South, Range 22 East,

.just east of the Fresno-Clovis Metropolitan Area. Analysis of a sample

tal;en from Fancher Creek in May 19^3 indicated comparatively high con-

centrations of constituents, especially sulfates and dissolved solids.

In November I963 when the water was again flowing, another sample was

obtained from Fancher Creek and tested by a field kit for sulphates, total

hardness and pH values. Values of sulphates and pH were comparable to those

fovmd in samples of surface water in other streams of the area. Total

hardness was still much higher, although not as high as revealed by

analj'"sis conducted in May I963.

The remaining surface water in the area is diverted from the

Kings River below Pine Flat Dam through the canal system of Fresno Irrigatio:

District and reflects the excellent quality of the PCings River. Both the

Kings and Ssn Joaquin Rivers as they emerge from the Sierra foothills carry

water- of comparable character and quality which remains fairlj'- uniform

throughout the year,
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Ground Water

L.:^cations of water wells used in this investigation are plotted

on Plate 6. Table D-2, Appendix D, is a tabulation of the analyses of

water samples obtained from water wells during the investigation.

Ground Water Geology

A geologic sti^dy of the Fresno-Clovis Metropolitan Area was

conducted to determine directions of ground water movement and to provide

background information by which water quality data could be evaluated.

Three geologic sections prepared from available well drillers' logs are

shown on Plate 3; the locations of these sections are shown on Plate 5-

The Fresno-Clovis area is underlain by both young and old

alluvium which in turn rests upon the Friant formation. Areal geology

as shown on the U. S. Bureau of Reclamation Reconnaissance Geologic Map

of the Fresno-Kingsburg area is included in this report on Plate k.

The young alluvium is composed of deposits on flood plains from

minor drainages north of the Kings River. It is located predominantly in

the northeastern section of suburban Fresno and extends to the Clovis

area where it divides to the north and east following the courses of

Dry Cveek and Dog Creek. Some additional young alluvium derived from

Redbank Slough is found to the east of Fresno.

The old alluvium underlying the remainder of the Fresno area

consists of sands, silts, gravels, and clay. Some parts of this old

alluvium, particularly the deeper portions penetrated by deep wells north

of Fresno, may be the upper portion of the Friant formation.

The Friant formation, consisting of sands, silts, gravels, pumice,

and rhyolitic material, does not outcrop in the Fresno-Clovis Metropolitan

Area. Drillers familiar with the area have frequently noted a marker bed

-11-



of pumice or pumicite in deeper vrells. Certain hard zones encountered at

depth and logged by many drillers as "hardpan" may represent the upper

Frlant formation.

The alluvial deposits of the Fresno area dip southwestward at

approximately the same attitude as the surface topography. The old alluviun

north of Fresno and south of Pinedale appears to have a southward dip

locally. Water-bearing materials are predominantly sands, but some water

is obtained from a zone of gravel in the northern portion of the city. The

sand aquifers appear to be fairly continuous and are largely interconnected

throughout most of the area. However, certain clay and sandy clay zones

appear to have localized continuity and thus may act as partial barriers

to downward percolation of ground water. It should be recognized that the

apparent continuity may be an illusion caused by correlations based on a

limited number of deep wells. Generally, the more continuous clay beds

occur well below the water table and are penetrated only by the deeper

municipal wells. The. principal gravel aquifer encountered by wells in the

northern part of the city appears to be an older stream channel deposit,

possibly an older channel of the San Joaquin River. This deposit, probably

somewhat sinuous, intersecting, and interconnected in configuration, is

shown to have a southerly gradient in the geologic section along Palm and

Walnut Avenues.

Geologic factors which govern ground water conditions in the

Fresno-Clovis Metropolitan Area are:

1. The gently southwestward dipping structure of the

alluvial deposits underlying the area.

2. The complex interconnected nature of the permeable

units within these deposits.
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3. The existence of or lack of continuity in the less

permeable mem'bers of this alluvium.

h. The high permeability of the young alluvium in the

recharge areas to the east and northeast.

5. The development of zones of 'hardpan" or clay in the

soils of the old alluvium which may slow or divert

recharging waters in some areas.

Ground Wster Occurrence

Historically, ground water has been found throughout the Fresno

area at relatively shallow depths. Intensive use of this readily available

supply has caused the water table to decline through the years so that it

now averages about 70 feet in depth beneath a large portion of the City

of Fresno. Dur'ng the last ten years the decline of water levels has

averaged three feet per year. Plate 5 illustrates ground water elevations

in and around the metropolitan area (spring I963).

In I9I!; the water table beneath the Fresno-Clovis area had a

fairly even southwesterly gradient averaging about eight feet per mile

(0.0015). Although the regional water table still maintains its general

southwesterly gradient, heavy pumping in the Fresno area, together with

insufficient recharge, has modified the historical configuration. The

gradient now dips south from Pinedale toward the heart of Fresno and

nearly due west from the City of Calwa. Between Fresno and Clovis the

gradient remains southwesterly but has increased from eight feet per mile

to about 20 feet per mile. Southwest of Fresno the gradient has become

very flat with a minimum of about one-half foot per mile (spring I963).

Should this trend continue it is possible that a "pumping depression"

may eventually develop beneath Fresno, resulting in a reversal of the

-13-



gradient in the area southwest of the city. Minimum and maximum gradients

occurring in the metropolitan area and predominant direction of movement

of ground water in each township, are presented in Table 2.

Specific yields of the water-bearing formations in the Fresno-

Clovis area are given by depth zones in the Tulare Basin Report (6). From

these yields the corresponding permeabilities may be ascertained by use

of a specific yield-permeability curve. Average permeabilities for town-

ships in the Fresno-Clovis area were developed using this method and are

also included in Table 2. In the vicinity of Fresno average permeabilities

vary from 135 "to 820 gallons per day per square foot. The average for the

Fresno-Clovis Metropolitan Area is approximately 620 gallons per day per

square foot. The highest local permeabilities were found in the channels

and fans of the small active drainages such as Dry Creek, Dog Creek,

Fancher Creek, and Redbank Slough; the highest average permeability was

in Tovmship ik South, Range 21 East, and reflects the high permeability

of the young alluvium of Fancher Creek and Redbank Slough.

A layer of hardpan at a depth of five to ten feet is frequently

encountered in the old alluvium found throughout most of the Fresno area .

Although downward movement of water is impeded by the hardpan, percolation

does occur at an estimated rate of one to three gallons per day per square

foot. In certain suburban areas, percolation is enhanced by septic tank

leach wells vjhich penetrate the hardpan to reach underlying, more permeable

sands

.

Most recharge occurs in the Fresno-Clovis area through the young

alluvium deposits of intermittent streams entering the area from the east,

through percolation and infiltration from ponds associated with sewage

treatment facilities, and through the canal systems and ponding sites

-Ik.
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previously mentioned. The Fresno Irrigation District estimates that

approximately ';0 percent of the water conveyed by its canals is lost by

seepage before delivery. At the end of the irrigation season the canal

system and ponding sites of the Fresno Irrigation District are sometimes

used as recharge facilities. Numerous other small recharge facilities

are located throughout the area and are operated by other agencies.

Ground Water Quality

Factors v^ich may influence the quality of ground water in the

area are

:

1. The amount and quality of natural recharge derived from the

intermittent streams to the northeast and east.

2. The amount and quality of Kings and San Joaquin River waters

recharged through these same stream channels . and through

unllned canals, ditches, and ponding sites.

3. The amount and quality of recharge obtained from the deep

percolation of irrigation waters in the surrounding area.

h. The amount and quality of recharge from suburban areas without

sewer systems.

5. The amount and quality of recharge in the Fresno area where

heaviest municipal pumping occurs.

6. Water well and leach well construction practices.

In general, the ground water quality in the metropolitan area

is very good. Table 3 presents the maximum, minimum, mean, and median

concentration values of the constituents in the ground water samples

tabulated in Table D-2, Appendix D. Generally, higher values were

obtained from the area surrounding the Fresno Sewage Treatment Plant and

-16-
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from three wells located in the vicinity of the Pacific Fruit Express ice

plant and the abandoned Southern Pacific zeolite water softening plant.

Extremely high mineral concentrations in the vicinity of the

ice plant and water softening plant prompted an investigation in 1953 by

the Division of Water Resources of the State Department of Public Works (5).

Corrective measures taken at the conclusion of that investigation have

improved the ground water quality; however, the water is still of a lower

quality than that of the surrounding area.

Plate 8 is a plot of three ranges of total hardness concentration.

The plate indicates an apparent belt of higher total hardness values. The

belt lies for the most part in the southeastern portion of the metropolitan

area. Other high values appear in the area surrounding the Fresno Sewage

Treatment Plant and the three wells located in the vicinity of the pre-

viously mentioned ice plant and abandoned zeolite water softening plant.

Ranges of dissolved-solids concentrations for the area are shown

on Plate 9- Although no particular correlation exists, dissolved-solids

concentrations appear in a pattern similar to total hardness.

Nitrate concentrations in ground water in the central portion

of the San Joaquin Valley average approximately 11 ppm, -vriaereas the average

in the area of investigation is 15 ppm. Plate 10 shows three ranges of

nitrate concentrations for the area. It will be noted that high nitrate

concentrations exist in the area southwest of the Fresno Air Terminal and

in the vicinity of the Fresno Sewage Treatment Plant. The area southwest

of the air terminal lies outside the Fresno city limits and is an unsewered

region. Many wells located in these areas have nitrate concentrations

near or above the drinking water standards of 1+5 ppm described in Appendix

B, Water Quality Criteria. Most of the higher concentrations were found

in shallower wells ( Plate 11 )

.
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ABS was found only in ground water in the immediate vicinity

of the Fresno Sewage Treatment Plant. In this area four wells contained

concentrations ranging from 0.1 to 0.3 ppm.

Ground water temperatures were measured during the spring, summer,

and fall to detect any abnormal changes. Ground water is used by a number

of individuals and firms as cooling water for refrigeration and air-

conditioning systems and then returned to the ground water through injection

wells. In the past, some isolated regions of high ground water tempera-

ture conditions occurred during the months air- conditioners were in use.

The problem appeared most ac\;te in the cases where the return was discharged

near the same depth from which it was pumped. These high-temperature

regions have evidently been corrected, since ground water temperature

measurements made over the season ranged from 65 to T8 F. Temperatures

above 80 F. are considered a problem.
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CHAPTER III. WASIE DISPOSAL

Tlie major vaste disposal facilities in the metropolitan area

are indicated on Plate 7. A list of these in Table ': shows the quantity-

discharged and the methods of treatment and disposal, A major waste

discharge not listed is the individual septic tanl: and leach v;ell combina-

tions used in areas not served by public disposal systems. The total

volume of waste discharged by individual disposal systems is not known

but is estimated to be approximately three million gallons per day. By

city ordinance all new structtires constructed id.thin the City of Fresno

and any area annexed to the city must be connected to the city sewerage

system. Central sewerage systems are also provided in the communities of

Clovls, Pinedale, Malaga, and two small county sanitation districts. In

the remaining metropolitan area individual septic tanlcs and leach wells

are utilized for disposal of waste. Analyses of waste water samples

are tabulated in Table T)-3, Appendix D.

High nitrate concentrations foimd in shallow ground water in

the region soiithwest of the Fresno Air Terminal are attributed to use of

individual waste systems.

The City of Fresno has 276 storm inlets into the sanitary sewer

and U30 storm inlets into the storm drainage system. The waste water from

the storm drainage system is percolated into the ground at ponding sites

provided by the Fresno Mionicipal Flood Control District and in over 9OO

disposal V7ells maintained by the city.
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CHAPTER IV. CONCLUSIONS AND RECOMffii^IDATIONS

Conclusions

Presented 'below are conclusions derived from the findings and

results of this investigation.

1, In general the quality of groimd and surface vater in the Fresno-

Clovis Metropolitan Area is excellent at the present time.

2, Effluents from waste disposal systems in the metropolitan area are

discharged on or under the land surface for the purpose of percolation,

evaporation, and utilization hy crops.

3, High ground-water temperature conditions previously noted within the

area of investigation were not detected during this study,

h. In northwest Fresno near U. S, Highway 99 and West Shields the ground

water quality has undergone steady upgrading since 1953. At that time

the Southern Pacific zeolite water softening plant, believed to be the

major source of high minerals, curtailed its operations and the

Pacific Fruit Express ice plant changed its cooling process.

5. Lower quality ground water was found in the vicinity of the Fresno

Sewage Treatment Plant.

6. V/ith the exception of four wells located in the vicinity of the

Fresno Sewage Treatment Plant, no evidence of ABS was found in ground

waters xmderlying the metropolitan area.

7. Nitrate concentrations near and above the United States Public Health

Service's maximimi established limit of ^5 pp™ were found in certain

locations throughout the metropolitan area. Of particular note were

the high nitrates foiHid in waters from shallow wells located in an

iinsewered region southwest of the Fresno Air Terminal.
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8, The ground water gradient is generally from northeast to southwest.

9. A steady annual lowering of the ground water table under the heart

of Fresno's downtown area together with ground water recharge due

to land disposal of large quantities of effluent from the Fresno

Sewage Treatment Plant have created an almost level water table in

the vicinity of the plant. If these same trends continue, a reversal

of ground water flow may occur, and ground water could flow from the

vicinity of the sewage treatment plant toward the heart of Fresno.

Recommendations

As a result of the foregoing investigation, the department

recommends that the following preventive and remedial measures be taken

for the protection of the area's water supplies.

1. Water supply agencies in the Fresno-Clovis Metropolitan Area should

utilize sound water conservation practices to ensure that the ground

water gradient remains in the southwesterly direction. Methods used

may include expansion of existing artificial recharge programs,

control of groiind water extraction, and development of supplemental

surface water supplies.

2. Existing sanitary districts and disposal facilities should be expande

to include all present and future residential and industrial develop-

ments within the more popiilated portions of the metropolitan area.

Ultimately all individual systems in these more popiilated portions

utilizing septic tanks and leach wells should be eliminated.

3. Standards for the construction and abandonment of water wells should

be established and enforced through county ordinance. Standards shou

include requirements for protection of wells from organic and mineral

contamination and establish requirements for drilling wells in aquife

of objectionable water qua]-ity conditions.
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All future and existing water wells in the Fresno-Clovis Metropolitan

Area should "be registered with a duly authorized agency. Registration

should include a listing of all available information on the physical

cheiracteristics of the well and attached pumping equipment.

Monitoring programs by local agencies shoxild include the continuation

of ground water level measurements, and the physical and mineral

analyses of ground and surface water should be expanded to ensure an

adequate coverage of the area. Frequent monitoring should be conducted

in areas of apparent or potential degradation.
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APPERDIX B

WATER QUALITT CRITERIA

Criteria presented in the following sections can be utilized in

evaluating mineral quality of water relative to existing or anticipated

beneficial uses. It should be noted that these criteria are merely guides

to the appraisal of water quality. Except for those constituents, which

are considered toxic to human beings, these criteria should be considered

as suggested limiting values. A water which exceeds one or more of these

limiting values need not be eliminated from consideration as a source of

supply, but other sources of better quality water should be investigated.

Domestic and Municipal Water Supply

The following tabulation gives the limiting concentrations of

mineral constituents for drinking water, as prescribed by the United

States Public Health Service.

UNITED STATES PUBLIC



UHITED STATES PUBLIC HEALTH SERVICE
DRINKING WATER STANDARDS

1962 (continued)

Nonmandatory, but
Constituent recommended limit

Cyanide 0.01
Fluoride (f) 1.7
Iron (Fe) 0.3
Manganese (Mn) O.O5
Nitrate (NO3) 45
Phenols 0.001
Sulfate (SO4) 250
Total dissolved solids 5OO
Zinc (Zn) 5

In addition, the United States Public Health Service recently

announced limits on concentrations of radioactivity in drinking waters.

These limits are as follows:

Recommended maximum limits
Radionuclide micromicrocuries per liter

Radium226 3
Strontium90 10

Gross beta activity 1,000*

Interim standards for certain mineral constituents have recently

been adopted by the California State Board of Public Health. Based on thei

standards, temporary permits may be issued for drinking water supplies

failing to meet the United States Public Health Service Drinking Water

Standards, provided the mineral constituents in the following table are

not exceeded.

UPPER LIMITS OF TOTAL SOLIDS AND SELECTED MINERALS IN
DRINKING WATER AS DELIVERED TO THE CONSUMER

Permit Temporeiry Permit

Total solids 5OO (lOOO)«* I5OO ppm
Sulfates (SO4) 250 (500)** 600 ppm
Chlorides (Cl) 250 (5OO)** 6OO ppm
Magnesitmi (Mg) 125 (125) 150 ppm

* In the known absence of strontixom -90 and alpha emitters.
**Numbers in parentheses are maximum permissible, to be used only where
no other more suitable waters Eire available in sufficient qtiantity for
use in the system.
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The California State Board of Public Health has defined the

maximum safe amounts of fluoride ion in drinking water in relation to

mean annual temperature.

Mean annual Mean monthly fluoride
temperature ion concentration

50Op 1.5 ppm
6OOF 1.0 ppm
70°F - above 0.7 ppm

Even though hardness of vater is not included in the above

standards, it is of importance in domestic and industrial uses. Excessive

h8a?dness in water used for domestic p\rrposes causes increased consumption

of soap and formation of scale in pipe and fixtures. The following tabula-

tion for degrees of hardness has been suggested by the Dejiartment of Water

Resources

:

Range of hardness^
expressed as CaCO^

,
Relative

in ppm classification

- 100 Soft
100 - 200 Moderately hard
200 & greater Hard

Industrial Water Supply

Water quality criteria for industrial waters are as varied and

diversified as industry itself. Food processing, beverage production,

pulp and paper manufacturing, and textile industries have exacting require-

ments. However, cooling or metallurgical operations permit the use of

poor qtiality waters. In general, where a water supply meets drinking

water standards, it is satisfactory for industrial use, either directly

or following a limited amoimt of polishing treatment by the industry.

Irrigation Water

Criteria for mineral quality of irrigation water have been devel-

oped by the Regional Salinity Laboratories of the United States Department
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of Agricultiire in cooperation with the University of California. Because

of diverse climatological conditions and the variation in crops and soils

in California, only general limits of quality for irrigation waters cem

be suggested.

QUAUTATIVE CLASSIFICATION OF IRRIGATION WATERS

Chemical properties
Class 1,
excellent
to good

Class 2,
good to

injxirious

Class 3,
injurious to

unsatisfactory

Total dissolved solids,
in ppm

Conductance, in
micromhos at 25°C

Chlorides in ppm

Soditmi in percent of
base constituents

Boron in ppm

Less than TOO TOO - 2000 More than 2000

Less than 1000 1000 - 3000 More than 3000

Less than 1T5 1T5 - 350 More than 350

Less than 60 6o - T5 More than T5

Less than 0.5 0.5 - 2.0 More than 2.0

These criteria have limitations in actual practice. In many

instances a water may be wholly unsuitable for irrigation imder certain

conditions of use, and yet be completely satisfactory \inder other circum-

stances. Consideration also should be given to soil permeability, drainage

temperature, himiidity, rainfall, and other conditions that can alter the

response of a crop to a particular q\iality of water.
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Classification of Waters

Waters are generally classified according to their quality,

character or type. The quality of a water is determined by the kind and

quantit;?- of dissolved constituents, expressed as parts per million (ppm),

or by a related characteristic such as electrical conductivity, measured

in micronihos per centimeter.

The character or type of a water is determined by the relative

proportions of mineral constituents. Most dissolved constituents in

water are dissociated into charged ions, both cations (positive charge)

and anions (negative charge). Substances determined in this study by

mineral water analyses and expressed as ions include cations: calcium,

magnesium, sodium and potassliira; and anions: carbonate, bicarbonate,

sulfate, fluoride, chloride and nitrate.

Classified Name for Waters

The classified name for waters, with respect to mineral

composition, is in terms of the predominant ions. Specifically, the

name of an ion is used where it constitutes at least half of its ionic

group, expressed in equivalent weights. Where no one ion fulfills the

requirement, a hyphenated combination of the two most abimdant constitu-

ents is used. Thus a calcium bicarbonate water denotes that calci-um

constitutes at least half of the cations and bicarbonate represents at

least half of the anions, ^-/here calcium, though predominant, is less

than half, and sodium next in abtindance, the name is modified to calcitmi-

sodium bicarbonate.
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APPENDIX C

LOCATION DESIGNATION SYSTEM

The system used in this investigation to designate the location

of wells £ind other points is "based upon the township, range eind section

subdivisions of the Federal Land Survey. This system divides each section

(square mile) into 40-acre tracts vhich are lettered as follows:
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Table Page

D-1 Siirface Water Quality Analyses, Fresno- Clovis Metropolitan
Area D-2

D-2 Ground Water Quality Analyses, Fresno-Clovis Metropolitan
Area D-h

D-3 Waste Water Quality Analyses, Fresno-Clovis Metropolitan
Area D-I8
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1963-64
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